R&D in RF
Superconductivity

Research Axis :

Chemistry
New chemical treatments
Electrochemistry

Thermal treatment
Purification annealing
Grain boundaries behaviour (segregation,
resistivity)

Surface analyses
Kapitza resistance

Nuclear microprobe, SIMS, microscopy (opt, MEB
STM, AFM), roughness...

Field emission :
Surfaces under high field studied by :
X Ray interferometry
Scanning Tunneling Microscope

Fabrication costs

New fabrication techniques = welding,
hydroforming , plasma deposition (copper on Nb)

Thin films (magnetron sputtering of Nb on
copper)
New activities

B<1 Cavities for high power proton




Fabrication Techniques

Standard Technique

B O-cell Cavity. bulk Nb : ~ iris, equator, clan welding ;
stiffeners welding .

New techniques (bulk Niobium)

Hydroforming : welding suppression (iris, equator)

B Plasma Cu deposition : in place of stiffeners, allows to reduce
Nb thickness

Thin films
i magnetron sputter coated Nb/Cu (and NbTiN/Cu)
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Cavity D122/ 1S2
DESY Cavity, EP at CERN, Test at SACLAY

F=1.3 GHz,

Electropolishing
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CEA Saclay, GECS, October 1999

Eacc (MV/m)




CAVITIES

e Hydroforming

2-cells cavities from Nb tubes at SIBB Indust.

g=51.7mm - 2 mm thickness r/a=2/1-
annealing 8002 at 40% deformation




Hydroforming

1E+11

1E+10

Qo

1E+09

Eacc (MV/m)




F;{Sl 9mg,g[.'u7 al CiU‘DO

Yirst Aduo. &l roin e

I ‘Z&(’ij A o (aw/am/w

L.7C;fo~{i‘) taaed



L

T SIOCRCIO . J
= m, S
e — e R s N )
! === L

h

! _] —— o
RS 2

Af.

1..Illl....llllllllllllllilllll\.ﬂllll.n.llllll...Ill“h.'..nli!lh..n..nHHHHHHHHHHHHHUHHHHHHHHIIHHHHHHHHUHHHNIIHIII!HIIJ:ll.
1 OEEE TR
- N L \
! w Bpf e ] ks — | IH./// -
.“ I ] - AW R ///

. A (s () I% . s
"o 1 - SRR /% .S.L:::?&N N

i :W \ W .
1 ARG | ik b o g Ry
A P

M "m M“ A Mm . \\ . pane —W/ &aﬁﬁ.ﬂx&dﬁw




For:mayge a chaud Température 850 °
Tube .NlOl?lle epaisseur 0,5 mm - diamétre 38 mm
Pression interne 20 bar - Poussée axiale 500 kg




(e

The principle: add a copper layer onto the cavnty outer wall by
thermal spraying. | |




the heat source and the envxronment.

VAL SPRAYING TECHNIQUES

A lot of different thermal spraying-‘techniquéé-éxits, each of them can
#4 | produce coatings with specific properties. The main differenws are

Controlled

Vacuum Plasma

Flame High Velocity Atmospheric Arc
Spraying Oxy-Fuel Plasma Spraying | Atmosphere Plasma Spraying Spraying
(FS) (HVOF) (APS) Spraying (CAPS) (VPS) (AS)
2521 Combustion of | Combustion of Plasma | - Plasma . = Plasma - Arc heating
: fuel gas in oxygen | (mixwre of At/H,, | - (mixture of At/H,, | (mixture of At/H,, | (consumable
at high pressure | AcHeor Az/N,) | -AcHe or AUN,) | Ar/He or At/N,) | electrodes)
3000-3500K |10000K- 15000 K| 10000 K - ISO(X)K l(X)OOK—lSO(X)K -
-1.1500-2000 mvs | - 500 - 800 m/s - 500 - 800 m/s 1500 3000 mls particle
. < 150 m/s
5-50um 5-100 um- $-100pum 5-20um diameter:
R ’ 2-5mm
.\ Air Inert Gas vacuum Air
Lo | Ar, He, N, (50 mbar)
oo 1-10% ] l~- 10%'- <2% 10-20 %
+i20-80 MPa - 20 5() MPa > 80 MPa 10-30 MPa
DR &)MPaacluevable typical
n | Low oxidation, | Industrial,
ing | high bonding | poor coating
1. strength properties |







§#13

~20/30%| 4010" | 3 | 155 | =75 | Stiffening

R R 33 MV/m
X | =60 [ 98% [ 3907 [ 3| x| ~100 | Stffening
3

(An X means
no sample
available for
measurement)

» | oA ] >35 MV/m
53 26% |>14310° | >10 | 009 | =100 | Heat transfert
| S <30MV/m

3 1 18 |=20130%| 50107 3.5 N | Stiffening
4 160 | 12% |>1810° ] >16 | 022 | =100 | Heat transfert
4.8

95 4.2 10 3 (forec,2mm & | 80-100 | 40 MV/m
no He penetratxon)

o 'lhe roOm-temperature electncal res:snvxty isa factor 5 lowerthan the bulk copper resistivity.
"Ihcondecomemofthecoppercoatingobmned bytheAPS (EVry)processwasmcasumdtobe 12 % (quite high).

3 : : _7-1'The ooating thermal conductivityils much lower than the bulk matenal one, probably due to the
[ high oxidaﬂon. Assho wed with" i, tl _,e“poor coating thermal conductivity is short-circuited by
? . the superfiuid helium when the porosity rate is high.




SACLAY-ORSAY COUPLER TEST STAND
M. Desmons (Saclay)

yacuum yvacuum

|*| 4| R;I
o L A =
[ RF&ce]
H - window under test
_.>
RF 'Bl RE& e
i —
“———— 70 K cryostat




A2 window tests results
C. Travier (Saclay)

Advantages Drawbacks
scasiest concept smaximum field
*low cost at brazing point
srobustness shigh dielectric losses
*E field parallel to ceramic edirect view of
mp N0 multipactor cavity electrons

Test results

1 MW, 1.3 ms, 0.1 Hz
at 300 K and 80 K

no multipactor on window
no problems with max field on brazing
dielectric losses depends on position
in SW regime (factor9 between
max and min)




Travelling wave window
C. Travier (Saclay)

Advantages Drawbacks

epure TW in ceramic large diameter

*no direct view of *high field on noses
cavity electrons o

low field at brazing point  difficult to clean

low dielectric loss

~great flexibility in “Test resulls
parameter choice 0.1 e

emoderate cost éﬂs‘g k/i:;l (20K,

*E field parallel to ceramic v m\ﬁ\m‘rsc
mp no multipactor

Champ sur I'ame
----- Champ partie interw céramique
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e Goals were to build a transition operated
with neutral gas pressure and that

integrates the warm ceramic window
The proposed transition




S e “Iol 12 3 Matrix Dcta

L :
‘; =z \‘\
= SN "
.y
-3 ‘,‘
-3 : ‘
hak e 11 (I [N - Ly (B8 134
Frequewoy >rin)
Com-t 3 » 3 * .
8 mm circuit Variation of the localisation of the short-circuit
1,31
1,306
é? 1,302
<] ——e
£ 1,298
1,294
1,29
-4 -2 0 2 4

Delta CC (mm)
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